




























































































PART III: MODEL INVESTIGATION OF 
SEABROOK LOCK BOTTOM RIPRAP 

1. The proposed Seabrook Lock will be located on the south shore of 

Lake Pontchartrain at its junction with the Inner Harbor Navigation Canal 

(IHNC). The IHNC provides access from Lake Pontchartrain to the Mississippi 

River and, indirectly, to the Gulf of Mexico through the Mississippi River 

Gulf Outlet and Gulf Intracoastal Waterway. 

2. The navigation lock (Plate IJI-1) will be 84 ft wide, 860 ft center 

to center of the operating sector gate pintles, with an 800-ft usable length 

and a minimum submergence of 14.8 ft. Two reinforced concrete gate bays with 

hydraulically operated steel sector gates will be located at each end of the 

lock. The connecting chamber will consist of steel sheet pile cells topped 

with a concrete wall supported on bearing piles within the cells. Instead of 

reinforced concrete, riprap will serve as the bottom of the lock chamber and 

protect the soils from severe erosive actions of displaced water and propeller 

wash due to the small vessels entering and exiting the lock chamber. 

3. Based on information supplied by the U. S. Army Engineer District, 

New Orleans, and a limited telecon survey of towboat owners and operators us­

ing Lake Pontchartrain and vicinity, towboats that will use Seabrook Lock will 

not exceed 1,400 hp with the average being in the range of 800 to 1,000 hp. 

The design towboat selected for the study was 1,400 hp. Barges on the water­

ways around Seabrook Lock are generally 250 by 50 ft or 195 by 35 ft with 

draft up to 10 ft. Therefore the maximum width tow will not generally exceed 

70 ft in the 84-ft-wide lock. 

4 . The purpose of this site-specific study was to assess the effects of 

propeller wash on the stability of the proposed riprap for the bottom of the 

Seabrook Lock and test alternate sizes, if required. This research was con­

fined to the size vessels given in paragraph 6 and the operating conditions 

furnished by the New Orleans District. 

S. The model of the Seabrook Lock was constructed to a scale ratio of 

1:10. Five hundred feet of the length of the lock and the full 84-ft width 

were reproduced in the model (Plate III-1). The model lock was installed 1n 

a slack- water channel having a sand bed with a median diameter of 0.5 mm. The 

riprap was originally placed in the center of the lock and later extended to 

the lock sidewall to test both straight attack without wall effects and angled 
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attack where the propeller was directed into the wall at an angle of 8 deg. 

The original design type 1 riprap gradation limits and the gradation repre­

sented in the model are shown in Plate III-2. Rock used in the model was 

crushed limestone having a specific gravity of 2.65. The thickness of the 

original gradation was 3 ft and the rock underlayment or filter material was 

1.5 ft thick. Filter cloth was used in the model to represent the underlayment. 

6. The 1:10-scale model towboat and barges are shown in Plate III-3 and 

dimensions represented by the model tow are as follows: 

Propeller 
at zero 

Towboat: Length - 104.4 ft 

Width - 22.8 ft -
Draft - 6.5 ft -

No. of propellers - 2 -
Propeller size - 5 ft -

No. of blades - 4 -
Design thrust - 27,400 lb -

Rated horsepower - 1,400 hp -
Kort nozzles - without -

rpm - 350 -
thrust coefficient 
speed of advance - 0.36 -

Barges: Length - 292.5 ft 

Width - 52.5 ft 

Maximum draft = 10 ft 

at 4.5 knots 

7. Water depths in the model were measured with staff gages and riprap 

failure was determined by observation after each run of the towboat. 

B. Model quantities were scaled to prototype by means of the Froudian 

similarity criteria. The following characteristics are expressed in terms of 

the length ratio, L : 
r 

Characteristic 

Length 

Area 

Volume 

L 
r 

Dimension 

A - L2 
r r 

Vol - L3 
r r 

IIT-2 

Model:Prototype 

1:10 

1:100 

1:1,000 



Cha racteris t ic Dimension Model: P~o_t_<?~ype 

Height 1:1 ,000 w - 13 -r r 

T - 1112 -r r 
Time 1: 3 . 16 

v - 11 /2 -r r 
Velocity 1:3.16 

Thrust Th = 13 1:1,000 r r 

R - 1/ 11/2 -r r 
Revolution 1:0.316 

9. The original design type 1 r i prap was tested in the model at the 

minimum depth of 14.8 ft. The full thrust of the towboat (27,400 lb) was 

exerted on the riprap test section for 5 min (prototype) with the boat held in 

a stationary position. A schematic of the test setup is shown in Plate III-4. 

Table III-1 summarizes tests conducted and results. For the minimum depth of 

14.8 ft and towboat draft of 6.5 ft, no rock movement occurred for straight or 

angled attack with the type 1 r1prap. Based on the limited surveys of towboat 

owners and operators, towboat drafts of up to 10 ft can be expected in the 

Seabrook Lock. With a depth of 14.8 

comes 7.3 ft (Plate III-4). This h 
p 

draft towboat by decreasing the waler 

tested in the model with full thrust 

ft and towboat draft of 10 ft, h be­
p 

= 7.3 ft was simulated with the 6.5-

deplh to 11.3 ft. This condition was 

for 5 min (prototype) and no rock move-

ment occurred for either straight or angled attack. These tests were con­

ducted with the tow directed both into and out of the lock and the most severe 

attack is with the tow directed into the lock. For this condition, the propel ­

lers actually "pumped" water out of the lock, lowering the actual depth of 

water below 14.8 ft. Also, thrust of the propellers was directed both forward 

and reverse and attack on the bed was similar for both conditions. 

10. To determine the relative safety factor of the type 1 rock, tests 

were conducted at values of h down to 3.0 ft and no rock movement was ob­
p 

served for straight attack but failure occurred at hp = 4.4 ft for angled 

attack. 

11. Wi th the original type 1 riprap having a relatively high degree of 

safety, tests were conducted with a sma l l er size of riprap. Type 2 riprap 

gradat i on l i mits and the gradation r epresented i n the model are shown in 

Plate III-5. The thickness of the type 2 riprap was 1. 6 ft which corresponds 

t o the approximate dlOO of the stone. The mi nimum depth of 14.8 ft and 

draft of 6 .5 ft was tested and t he t ype 2 r iprap remained stable for both 
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straight and angled attack. When the 10-ft-maximum towboat draft was simu­

lated by lowering the depth to 11.3 ft, the type 2 riprap failed for straight 

attack. The type 2 riprap failed at a depth of 12.9 ft for angled attack. 

12. After failure of the type 2 riprap design, tests were conducted 

with the type 3 riprap design. The gradation is shown in Plate III-6 and the 

thickness was 2.3 ft. For the minimum depth of 14.8 ft and towboat draft of 

6.5 ft, no rock movement occurred for straight or angled attack with the 

type 3 riprap. When the 10-ft-maximum towboat draft was simulated by lowering 

the depth to 11.3 ft, the type 3 riprap remained stable for straight and 

angled attack. Failure occurred when the depth was lowered to 9.4 ft for 

angled attack and 7.9 ft for straight attack. 

13. Summarizing, the type 1 riprap proved to have a high degree of 

stability when compared with the forces generated by the 1,400-hp towboat. 

Failure of the riprap occurred only when the depth was lowered far below that 

now possible in the prototype. The type 2 riprap was not stable for the antic­

ipated towboat sizes and water depths in the Seabrook Lock. The type 3 rip­

rap remained stable for the design 1,400-hp towboat and maximum towboat draft 

of 10 ft and minimum lock depth of 14.8 ft. In selecting the riprap required 

to protect the lock bottom, consideration should be given to future trends of 

vessel sizes, horsepower, lock operating conditions, and the desired safety 

factor. Should vessels larger than the design 1,400-hp tow begin using the 

lock, type 1 and 3 riprap would be subject to failure. Due to the site­

specific testing conditions and the small vessels using Seabrook Lock, these 

results should not be extrapolated to other locks of apparent similarity. 

14. In placement of the riprap in the prototype, care should be taken 

to eliminate any sizes smaller than the minimum shown on the gradation curve. 

These sizes would be easily moved by the propwash and might deposit in areas 

that would hinder operation of the lock. 

15. Although not tested in the model, the need for an adequate filter 

or underlayment cannot be overstressed. The high degree of turbulence gen­

erated by the propeller wash can extend through the cover riprap and remove 

the bottom material if an adequate filter is not provided in the lock chamber 

and approach to the lock. 

III-4 



Rip rap 
Design Direction 

Type Of Attack 

1 Straight 
(Original) 

Angle 

Straight 

Straight 

Angle 

Angle 

2 Straight 

Straight 

Angle 

Angle 

3 Straight 

Straight 

Straight 

Angle 

Angle 

Angle 

d5o 
ft 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.0 

1.0 

1.0 

1.0 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

Test III-1 

Test Summary 

Towboat 
Draft 
ft 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

IIl-5 

Depth h p Thrust Test 
ft ft lb Result -

14 . 8 10.8 27,400 Stable 

14.8 10.8 27,400 Stable 

11. 3 7.3 27,400 Stable 

7.0 3.0 27,400 Stable 

11.3 7.3 27,400 Stable 

8.4 4.4 27,400 Failed 

14.8 10.8 27,400 Stable 

11.3 7.3 27,400 Failed 

14.8 10.8 27,400 Stable 

12.9 8.9 27,400 Failed 

14.8 10.8 27,400 Stable 

11.3 7.3 27,400 Stable 

7.9 3.9 27,400 Failed 

14 . 8 10.8 27,400 Stable 

11.3 7.3 27,400 Stable 

9.4 5.4 27,400 Failed 
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